Human placental endogenous retroviral (ERV) particle isolates were investigated by ultrastructural evaluation. Although retrovirus-like structures in normal human placental tissue sections have been described, the precise nature of these particles has not previously been defined. By direct electron microscopic (EM) observation of placental ERV isolates that display retroviral reverse transcriptase (RTase) activity and a buoyant density consistent with type-C retroviruses (1.17 g/ml on sucrose), we have shown these to contain particles with characteristic retroviral ultrastructural features. Samples were stained with 1.0% phosphotungstic acid (PTA), 0.5% uranyl acetate (UA), and low-angle-shadowed with platinum/palladium. Isolated placental ERV particles have an apparent diameter of approximately 120 nm, are membrane-bound with a short surface fringe, and contain capsid particles (about 90 nm in diameter) within an internal matrix structure. These observations support the view that human placental cells normally express ERV particles.
INTRODUCTION
Numerous electron microscopic (EM) studies have described the presence of "virus-like" particles in thin sections of human and primate placental chorionic villous tissue [1] [2] [3] [4] [5] [6] [7] [8] . These reports connected endogenous retroviral (ERV) particle expression with placental syncytiotrophoblast, particularly in regions associated with cytotrophoblast depletion. To date, ultrastructural studies of placental ERV particles have been limited principally to thin sections of chorionic villous tissue.
To determine the nature of these particles, a series of studies has been conducted on isolated ERV particle samples obtained from normal placental chorionic villous tissue extracts. We have reported previously that these fractions, produced by conventional retrovirus isolation methods, express reverse transcriptase (RTase) activity that is Mg 2+- dependent and occurs at a buoyant density on sucrose gradients characteristic of type-C retroviral particles (1.15-1.17 g/ml) [9] .
In the present study, samples of these isolated human placental ERV fractions were evaluated by EM to determine ultrastructural features of ERV particles. The results support the view that RTase-positive ERV particles isolated from normal human villous placental tissue have features that conform with known retrovirus ultrastructural details. 
MATERIALS AND METHODS

Particle Isolation
Chorionic villous tissue from first-and third-trimester placental samples were collected fresh after elective termination or term delivery of normal pregnancy, respectively. These tissues were washed and dissected and ERV particles were isolated by methods reported previously [9, 10] . After isolation, ERV sample fractions were tested for RTase activity. Fractions that contained such activity as well as a density on sucrose consistent with type-C retroviral particles (1.17 g/ml) were submitted to further analysis.
EM Negative Staining
Two versions of standard negative staining methods for EM of isolated virus particles were employed in the current investigation; these were based on 1.0% phosphotungstic acid (PTA) and 0.5% uranyl acetate (UA). Each of these stains provides a different pattern of electron density; PTA penetrates membranes, whereas UA coats surface structures without penetration [11] [12] [13] . Sample fractions (50 Al) were placed on carbon/formvar-coated 200-mesh copper or nickel grids. These were incubated for 30 sec at 20°C, and the liquid portion of sample was withdrawn from the surface using Whatman (Clifton, NJ) #5 filter paper. Grids were allowed to air-dry for 30 sec, and then 50 Ixl stain was applied; 1% PTA was applied for 45-60 sec or 0.5% UA was applied for 30 sec. Stain was removed by filter paper blotting, as above. Grids were then air-dried for 20 min before examination.
Low Angle Shadowing
Particle preparations were also examined by low angle shadowing with platinum/palladium [14] . Carbon/formvar- 
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coated grids were layered with isolated ERV particle-containing samples in the same manner as described for negative staining. Coated grids were allowed to air-dry without further treatment. Dried grids were arranged on filter paper placed at the center of a vacuum evaporation chamber. Platinum/palladium wire (2.5 cm of 0.008-cm diameter) was placed in a tungsten evaporation basket positioned 6 cm from the center-point at a 15°angle to the samples. The evaporator was sealed, and evaporation of the entire metal wire was conducted under vacuum at 1 x 10 -4 mm Hg. Upon completion of evaporation, sample grids were removed and examined by transmission EM using a Phillips CM-10 microscope.
Detergent Disruption of Particles
Samples were detergent treated to investigate the presence of membranous structures. Before staining, samples were dried onto grids as described above and exposed to a solution of 0.1% Tween 20 and PBS (pH 7.2) for 15 min at room temperature. This was followed by one PBS rinse and staining with UA, as above.
RESULTS
Placental ERV particle fractions with retroviral RTase activity and a sucrose gradient density consistent with type-C retroviral particles were submitted to several complementary methods of examination by EM. Placental chorionic villous tissue isolated from first-(n = 3) and third-trimester (n = 5) samples was observed to contain particles in the current study. Particles were present in all samples observed, with no apparent difference in absolute numbers or overall ultrastructural details between the gestational ages.
EM Negative Staining
Using the heavy metal stain, PTA, ERV isolate samples from both first-and third-trimester placental villous tissue extracts contained numerous particles that stained darkly and had a short fringe around the surface (Fig. 1) . These particles were pleiomorphic, with sizes ranging from 100 to 130 nm. Further internal structural details could be observed in a number of these particles (Fig. 2) . In such cases, a more darkly staining structure with an estimated diameter of 85-95 nm was noted within the overall particle. These observations are consistent with published descriptions of retroviral particles stained with PTA [15] [16] [17] .
Samples of placental ERV particle isolates were also stained with UA; this provided an overview of particle surface details separate from those observations made with PTA. These particles had a mottled appearance, with lighter and darker areas forming a distinct pattern over the surface (Fig. 3) . This pattern was noted for all particles, regardless of size. These particles were also pleiomorphic, ranging from 100 to 130 nm in diameter. Particles were often closely associated with each other, suggesting that incomplete budding from the cell may result in multiple capsids within each particle or interparticle association (including fusion) within isolated samples. (Fig. 4) . The latter interpretation was supported by the surface details noted on some larger particles. In Figure 4 (see arrows), the surface mottling is broken by an apparent line and/or depression crossing the particle in such a manner that it divides the particle into subunits, each with the general size of an individual particle.
Less than 5% of particles on each grid from placental ERV isolates appeared to be damaged or disrupted. These damaged particles were observed commonly to have torn surface membranes that revealed internal structural details. In Figure 5 , such internal features include half a core particle with distinctive surface features differing from those on the overall particle membrane surface. This structure is consistent with that of a retroviral nucleocapsid core particle; it has an estimated diameter of 95 nm and is positioned within a cradle of other less distinct internal structures. These conform to retroviral matrix proteins that anchor the core particle, and they appeared as electron-translu- cent, rounded features filling the remainder of the overall virion particle interior.
Low Angle Shadowing
Isolated placental ERV samples were also examined by an approach intended to ensure that observed particles were not staining artifacts. With low angle shadowing, no actual stain was applied to the sample; instead, metallic atoms were showered onto the sample surface and as a layer of this material was built up, the sample became electron-opaque. Deposition occurred at an angle of 15°in order to create a differential distribution of the metal layer. The result was to create apparent shadows based on differential thickness of metal deposition.
Samples treated in this manner contained particles of approximately the same size and overall morphology as those observed by heavy metal staining (Fig. 6) . Self-associating particles were also observed in these samples, with the same relative arrangement (Figs. 7 and 8 ). These particles dis- played a surface mottling similar to that observed after UA staining. Given the nature of the shadowing process, these features represent areas on the surface with differing topography. In general, this approach confirmed the presence of particle surface details and the interparticle observations made using heavy metal staining.
Detergent-Treated Samples
Sample grids were also treated with Tween 20 after particle deposition and then stained with UA. This approach provided additional details concerning the internal struc- ture of isolated placental ERV particles. After detergent treatment, no intact membrane-bound particles were observed on any grid. However, small 85-95-nm particles with distinct surface features and a semi-icosahedral shape were noted on all sample grids (Fig. 9) . Detailed features corresponded to those observed in damaged or disrupted ERV particles as described in samples not treated with detergent.
In addition to isolated core particles, occasional structures were observed that appeared to be membrane remnants with core particles and matrix proteins still associated with them (Fig. 10) . In these cases, the core particle and matrix structures were attached to, and overlay, a lightly staining membrane fragment.
DISCUSSION
The current studies were conducted to determine the presence and structural nature of ERV particles within RTasepositive sucrose density gradient fractions isolated from human placental villous tissue extracts. Although previous studies have reported on the presence of retrovirus-like structures associated with syncytiotrophoblast in placental tissue sections, the nature of such structures has been the subject of some debate [18] . Concerns raised about this type of observation basically focus on the potential misinterpretation of thin-section data on particles within tissue. To address this criticism, isolated placental ERV particles within RTase-positive samples were observed in the present study.
These observations have confirmed the presence of discrete particles within isolates from normal first-and thirdtrimester human placenta and support the view that these are ERV particles. These particles exhibit ultrastructural features consistent with type-C retrovirus particles. Included. among such features is the presence of a surface fringe at the edge of a membrane-bound particle with a diameter of approximately 120 nm; this particle contains an inner core particle that is semi-icosahedral and has a diameter of approximately 90 nm. In addition, the present studies have illustrated an internal matrix structure that appears to cradle a nucleocapsid core particle within the overall virion. These features were consistent between all samples and gestational ages (both first and third trimester).
The presence of such retroviral particles within the normal human placenta raises a number of questions. Among these is the possibility that ERV particles, or their constituent proteins, could function to provide the placenta with specific "retroviral" characteristics [19] [20] [21] . Possible examples would include: 1) mediation of trophoblastic intercellular fusion by ERV-encoded proteins, 2) receptor interference of exogenous retrovirus binding to trophoblast, and 3) localized ERV-mediated immunosuppression related to fetal allograft survival.
We have demonstrated previously the presence of antigens that are cross-reactive with exogenous retroviral proteins in normal human placentas and have shown a correlation between antigen localization and trophoblastic cellular differentiation state ( [22] and unpublished results). These retrovirus-related proteins are localized to the basal aspect of syncytiotrophoblast during the first trimester, when cytotrophoblastic intercellular fusion is active at that site. This location corresponds also to the most often reported site of expression for ERV particles in chorionic villous tissue sections [19] [20] [21] . Several reports have placed particle production at the basal aspect of the syncytiotrophoblast, in areas depleted of cytotrophoblast. It seems reasonable to postulate that these particles could be "by-products" that result when fusion-competent target cells are missing. Virus proteins that would otherwise mediate cellular fusion assemble into particles and complete the budding process at these sites. However, when a fusion-competent cytotrophoblast is present in close proximity to the syncytial basal surface, expression of ERV proteins at this interface could provide a mechanism for fusion without production of complete particles. The potential association of ERV proteins with this cytotrophoblastic intercellular fusion event is under further study.
